Objective: Young men who have sex with men (MSM) and MSM of color have the highest HIV incidence in the United States. To explore possible explanations for these disparities and known individual risk factors, we analyzed the per contact risk (PCR) of HIV seroconversion in the early highly active antiretroviral therapy era.
INTRODUCTION
Overall, new cases of HIV have been stable in the United States at approximately 50,000 per year. 1 There has been a 12% increase in incidence among men who have sex with men (MSM) between 2007 and 2010. 2 Young MSM are the most heavily impacted group in the United States with a 22% increase in HIV incidence during this period. 2 In addition to age disparities in HIV incidence, there are significant racial/ethnic disparities. In 2010, black and Latino MSM represented the highest proportion of new HIV diagnoses among all MSM in the United States: 36% and 22%, respectively. 2 Young black MSM in particular have had the highest increase in HIV incidence between 2006 and 2010. 2 However, little is known about why this occurs. 3 Current data indicate that MSM of color have similar or lower individual risk behaviors, including the number of anal sex partners and substance use, suggesting that differences in racial/ethnic assortivity in partner selection, partner serostatus, and prevalence of nonsuppressed HIV viral load among HIV-positive partners are likely driving the disparities. [4] [5] [6] An analysis of per contact risk (PCR) of HIV seroconversion, the probability of HIV acquisition per sexual act, may contribute to our understanding of the extent to which disparities by race and age are driven by differences in the infectiousness of partners and/or the susceptibility of individuals or, alternatively, by misclassification of HIV-positive partners as HIV negative or of unknown serostatus. 7, 8 Previous estimates of PCRs for MSM have been based on relatively small samples and used methods that were not designed to assess heterogeneity by race/ethnicity, number of sexual partners, substance use, and history of sexually transmitted infections (STIs), which have been associated with an increased risk of HIV seroconversion. 7, 8 In this analysis, we use a new approach designed to accommodate heterogeneity.
We had 2 goals for this analysis. First, we compared the PCR of HIV seroconversion in the pre-highly active antiretroviral therapy (HAART) and early HAART era, to identify the early impact of HAART on PCR. Second, we evaluated whether the PCR of sexual practices with known HIV-positive partners differed by age and race/ethnicity. This analysis removes the lack of knowledge of partner serostatus as a factor in age and race/ethnicity disparities and may point to differences in the infectiousness of partners and/or the susceptibility of individuals to explain these disparities.
METHODS

Participants and Data Collection
We identified 4 existing prospective, longitudinal, HIV prevention cohort studies of MSM in the United States for inclusion in this analysis. The multisite Centers for Disease Control and Prevention Collaborative HIV Seroincidence Study (Jumpstart) was used to model PCR estimates in the pre-HAART era. 9 This study enrolled 2189 HIV-uninfected MSM from 3 US cities from 1992 to 1994 who were followed for up to 18 months at semiannual intervals until the completion of study in 1995.
Data from the HIV Network for Prevention Trials Vaccine Preparedness Study (VPS), the VaxGen VAX004 trial, and the EXPLORE study were combined to model PCR estimates from the early HAART era. 10 VPS enrolled 3275 MSM in 6 US cities from 1995 to 1997, and they were followed every 6 months for 18 months of follow-up until study completion in 1999. 11, 12 The VAX004 trial enrolled 4643 MSM in 57 US sites from 1998 to 1999 as part of a randomized, placebocontrolled, efficacy trial of a recombinant gp120 HIV-1 vaccine, which did not show efficacy in reducing HIV incidence. 13 Participants were followed at 6-month intervals for 36 months, and the study was completed in 2002. The EXPLORE study enrolled 4295 MSM in 6 US cities from 1999 to 2001 into a randomized clinical trial of a 10-session behavioral intervention, which showed no difference in HIV incidence rates between the control and active arms.
14 Participants were followed every 6 months until study completion in 2003.
Although there was some variability in specific enrollment criteria, all studies enrolled HIV-negative men who reported anal intercourse with at least 1 male partner in the past 12 months. VAX004 was the only cohort study that excluded men who reported injection drug use (IDU) at baseline. Both EXPLORE and VAX004 excluded men who had been in mutually monogamous relationships for the previous year. Participants in all studies were asked to selfidentify race/ethnicity at baseline. For the purposes of this analysis, we classified participants into 1 of 4 race/ethnicity categories: black, Latino, white, or other to maintain consistency across cohorts. In the analysis, men who self-identified as both black and Latino contributed to PCR estimates for both groups. Self-reported sexual risk behavioral data were collected through audio computer-assisted self-interview (EXPLORE) or structured interview (Jumpstart, VAX004, and VPS) and included sexual behaviors in the past 6 months with partners of each HIV serostatus type (negative, positive, or unknown). Sexual behaviors with sexual partners were defined as unprotected receptive anal intercourse (URA), unprotected insertive anal intercourse (UIA), or protected receptive anal intercourse (PRA). Other self-reported behavioral risk data included in this analysis were popper use, methamphetamine use, heavy alcohol use, and STIs (gonorrhea, syphilis, or chlamydia), as each has been found to independently predict HIV infection in MSM. Jumpstart participants who reported IDU at baseline or follow-up were excluded from this analysis because it was associated with HIV seroconversion. However, IDU at baseline and follow-up was not significantly associated with HIV infection in the VPS, VAX004, and EXPLORE cohort studies, and exclusion did not change our findings in sensitivity analysis, so participants who reported IDU were included in the adjusted analysis.
PCR Estimation
Our previous estimates of PCRs were based on a Bernoulli model. 7, 8, 15 Under this model, PCRs are assumed constant, and more distal cofactors for seroconversion, including age, race/ethnicity, numbers of partners, substance use, and STI, only affect risk through the number of contacts. However, this model does not accommodate heterogeneity in the PCRs. To do this, we used a pooled logistic model, including the distal cofactors and the numbers of contacts.
Our approach allows heterogeneity in the PCRs in part by flexibly modeling the number of contacts, so that the absolute risk of 5 URA contacts with a positive partner can be more than 20% of the risk of 25 such contacts. In addition, because the logistic model is multiplicative, the absolute risk resulting from sexual contacts increases with the baseline risk determined by the cofactors. For example, the risk resulting from 10 URA contacts with a positive partner is larger for a young man of color who reports multiple partners and methamphetamine use than for an older white man with none of these cofactors.
To obtain estimates of the PCRs, we estimate the absolute increment in risk resulting from each type of contact as the difference between the fitted risk for each participantvisit and the potential risk if no such contacts of the given type had been reported. 16 Then, the PCRs are calculated from the number of contacts and the increment in absolute risk. In a final step, the PCRs are averaged, both overall and within the subgroups defined by age, race/ethnicity, number of partners, substance use, and STI, with bootstrap confidence intervals (BCI). Additional details are provided in the Supplemental Digital Content (see Appendix, http://links.lww.com/QAI/A457).
RESULTS
In Jumpstart, 1813 participants, 4168 unique visits, and 52 seroconversions were used to calculate the PCR in the pre-HAART era (Table 1) . For the early HAART era, we included 10,760 participants, 42,395 unique visits, and 584 HIV seroconversions from VPS, EXPLORE, and VAX004 (Table 1 ). The majority of participants from all the cohorts were older than 30 years, white, reported having more than 6 sexual partners, and having UIA or URA in the 6 months before baseline. A higher proportion of participants reported an HIV seropositive sexual partner in EXPLORE (51%) and VAX004 (55%) compared with VPS (21%) or Jumpstart (18%).
PCR in Pre-HAART and Early HAART Era
Overall, the estimated PCRs were similar in the pre-HAART and early HAART era ( Table 2 ). The estimated PCR of HIV seroconversion for URA with an HIV seropositive partner was similar in the pre-HAART (0.60%; 95% BCI: 0.34% to 1.09%) and early HAART (0.73%; 95% BCI: 0.45% to 0.98%) era (Table 2) . URA with partners of unknown HIV serostatus was the second highest estimated PCR during the pre-HAART (0.40%; 95% BCI: 0.26% to 0.59%) and early HAART (0.49%; 95% BCI: 0.32% to 0.62%) era. The estimated PCR was lowest for URA with HIV-negative partners in both the pre-HAART and early HAART era (0.02%; 95% BCI: 0% to 0.07%; and 0.03%; 95% BCI: 0%-0.11%, respectively).
Despite relatively minor differences between pre-HAART and early HAART cohorts, we limited the remaining analyses to the latter 3 cohorts, to avoid confounding from unmeasured variables in the pre-HAART era. The estimated PCR for URA with an HIV-positive partner was significantly higher than all other types of contacts, except URA with a partner of unknown HIV status (95% BCI for pairwise difference excludes zero) ( Table 3) . As expected, URA with an unknown serostatus partner was also significantly more risky than PRA with an unknown partner, and either URA or PRA with partners believed to be HIV negative.
Covariate Effects on HIV Seroconversion in VPS, EXPLORE, and VAX004
Next, we evaluated factors associated with HIV infection in the 3 early HAART longitudinal cohorts. Participants Table 4) . In combined cohort analysis, younger (,25 years) participants were at a higher risk than older (.30 years) participants (OR, 1.31; P = 0.03). Furthermore, black participants were at a greater risk compared with white participants (OR, 1.78; P = 0.002), whereas Latino participants had a trend toward higher risk (OR, 1.26; P = 0.08). Having greater than 1 sexual partner, any self-reported use of methamphetamines or poppers, heavy alcohol use, or history of STI in the previous 6 months were also associated with an increased risk.
Demographic and Risk Factor Disparities in PCR of HIV Seroconversion
In evaluating the differences by age, race/ethnicity, number of partners, substance use, and STI, we focused on the PCR for unprotected anal intercourse with known HIV seropositive partners, to eliminate the knowledge of partner serostatus in these risk estimates. The PCR for URA with HIV seropositive partners was significantly higher for MSM younger than 25 years (0.98%) and between 25 and 30 years olds (0.87%) compared with MSM older than 30 years (0.64%) (P , 0.05) (Fig. 1A) . MSM younger than 25 years had the highest PCR, despite a lower mean number of reported contacts (7.1 vs. 10.3). Similarly, the PCR for UIA with HIV seropositive partners was significantly higher for younger MSM (,25 years and 25-30 years) compared with MSM older than 30 years (0.35% and 0.33% vs. 0.19%; P , 0.05) (Fig. 1A) .
Similarly, some MSM of color had higher PCRs with HIV-positive contacts (Fig. 1B) . We found weak evidence that PCR for URA with HIV seropositive contacts was higher for black (1.04%) and participants classified as other (1.06%) than for white participants (0.71%; P . 0.05) (Fig. 1B) . Among Latino participants, there is stronger evidence for an elevated PCR for UIA with HIV seropositive contacts compared with white participants (0.29% vs. 0.21%; P , 0.05). Black participants reported the lowest mean number of contacts compared with all other racial groups, for both URA (3.1) and UIA (5.0). In contrast, the number of contacts and PCRs for URA or UIA with HIV seropositive partners were similar in Latino and white MSM.
The PCRs were significantly higher for those who reported more than 1 HIV-positive partner (Fig. 1C) , with those reporting URA with more than 5 partners having the highest PCR. Those reporting methamphetamine or popper use, or a STI had significantly higher PCRs for URA and UIA with HIV seropositive partners compared with those who did not report these risk factors (Fig. 1D ).
DISCUSSION
Our analysis of HIV seroconversion in 4 large cohorts of high-risk MSM in the United States suggests that the PCR of 7 types of sexual contact was similar during the pre-HAART and early HAART era. However, our new modeling approach, designed to accommodate heterogeneity, did identify substantial age and racial/ethnic disparities in the early HAART era and differences in PCRs by the numbers of sexual partners, STIs, and use of substances other than alcohol. These data support that susceptibility or partner factors may explain the higher HIV incidence among younger MSM, MSM of color, and those reporting multiple sexual partners, popper or methamphetamine use, or an STI.
The first estimates of PCR for MSM in the pre-HAART era reported a PCR of URA with an HIV-positive partner of 0.82%. 7 A more recent analysis of PCR from Australia in the early HAART era (2001) (2002) (2003) (2004) reported similar PCR estimates for unprotected anal intercourse: 1.43% with ejaculation and 0.65% without ejaculation. 8 A likely explanation for our finding of similar PCR estimates in the pre-HAART and early HAART era is the relatively low proportion of HIVpositive MSM with a suppressed HIV viral load. Based on current estimates, approximately 80% of those with HIV are aware of their infection, but less than 30% have a suppressed HIV viral load. 17 Given the evolution in HIV testing and treatment recommendations, it is likely that rates of HIV viral load suppression were even lower when these cohort studies were conducted. 18, 19 There are several possible explanations for the finding of higher PCRs among young MSM. One is that younger MSM are less able than older MSM to negotiate safer sex with partners. 20 For example, younger MSM may not have the skills or knowledge to navigate other risk reduction strategies with HIV-positive partners (such as withdrawal before ejaculation), which may have a lower HIV risk. 8 Survivor bias is another possible explanation for our findings. Because all of the participants had to be HIV negative at enrollment, the older MSM were likely able to remain HIV uninfected for longer than the younger MSM, potentially reflecting a reduced average susceptibility to HIV infection. 21 Furthermore, we did not measure additional partner characteristics that may have been protective. For example, older MSM may also have older HIV-positive partners who are often engaged in care and have lower HIV viral loads compared with younger HIV-positive MSM. 22 Finally, although there is evidence of increased biologic susceptibility for young women, there are no current studies to suggest a biological basis to explain these disparities for young MSM. 23 We also found evidence that Latino MSM had a higher PCR for UIA with HIV seropositive partners, and inconclusive evidence that black MSM and MSM classified as other had a higher PCRs than white MSM for URA and UIA with HIV seropositive partners. If real, partner-level factors may help to explain this disparity. 4, 5, 24 Specifically, MSM of color report more assortive mixing by race, and HIV seropositive black MSM are less likely to have suppressed HIV viral load. 25, 26 Nonetheless, the overall rate of HIV viral suppression was likely low in the early HAART era, suggesting that unmeasured partner-level factors, including STIs, may drive these disparities. 22, 27, 28 Reporting bias could contribute, but we believe that this is unlikely given the patterns in the total number of partners of each type and mean number of contacts. For this to hold, MSM of color would have to systematically and differentially underreport unprotected contacts with HIV seropositive compared with unknown serostatus or negative partners, which is not supported by the literature.
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These data also provide new insight into the increasing risk of HIV acquisition with multiple sexual partners and other risk behaviors. The lower PCR for men reporting URA or UIA with 1 HIV seropositive partner likely reflects 2 factors, both unmeasured: first, viral suppression may be more common among monogamous partners; and second, the likelihood of contact with at least 1 highly infectious partner increases with the number of HIV seropositive partners because of the heterogeneity in infectiousness. 29 Furthermore, the use of methamphetamines, poppers, and self-reported STI was also associated with higher PCR. Ulcerative and nonulcerative STIs are associated with an increased risk through increasing susceptibility through mucosal breakdown and inflammation. 30 The PCRs for poppers and methamphetamines are also high, suggesting that they may also increase the susceptibility to HIV infection, although through less well-elucidated mechanisms.
There are several important limitations to this study. The longitudinal cohorts analyzed in this study occurred early in the HAART era and may not be reflective of later changes in HIV treatment. However, the current estimates are that only approximately 27% of MSM in the United States are on HAART and virally suppressed, so even in 2012, the majority of HIV-positive MSM in the United States are not virally suppressed. 22 Misclassification bias for HIV seronegative partners in the absence of an HIV disclosure discussion is also an important consideration. Our PCR estimate analysis focused on the highest risk sexual behavior for HIV transmission, URA, and UIA with HIV-positive partners, to minimize this bias. Despite the large sample size, there were relatively few visits and HIV seroconversions among black MSM compared with other MSM. Many contact-and partner-specific factors that may explain heterogeneity in PCRs were not measured. Finally, although the new models fit the data better than Bernoulli models, they are nonetheless complicated, and we cannot rule out bias in our PCR estimates, including subgroup-specific PCRs and the differences between them.
PCR of HIV seroconversion represents a novel method to evaluate possible explanations for drivers of HIV incidence. We identified higher PCR of HIV seroconversion among younger MSM, some MSM of color and those who reported the use of poppers, methamphetamines, and a history of an STI in the United States, supporting that susceptibility or partner characteristics are important in understanding why these disparities exist. The mechanisms for the increased HIV incidence and the individual and partner characteristics, beyond individual risk behavior, that drive these disparities warrant further exploration. FIGURE 1. PCR of unprotected anal intercourse and mean number of reported contacts with a HIV seropositive partner stratified by age (A), race/ethnicity (B), the number of sexual partners (C), and other risk factors (D). PCR estimates for the controls not reporting the other risk factors in (D) were uniformly lower than for the exposed (data not shown). 95% BCI for difference from reference group excludes 0; †, any use; ‡, heavy use.
